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Introduction
• Culex pipiens is the primary vector of WNV in the NE U.S. 
• Diapause is a state of suspended metabolic activity used to bridge 
the gap between unfavorable seasons.
• Mosquitoes which enter diapause early do not seek blood meals, 
lowering disease transmission.
• Prefers aquatic habitats with high organic enrichment – enhance
juvenile development and survivorship, as well as fitness of adult life
stage
• Storm water infrastructure provides key aquatic habitats in urban
land use
• Example: “conventional” roadside catch basins (Fig. 1,3)
• Increasing use of “green” storm water management practices reduce
transport of organic waste and other pollutants in urban runoff
• Example: bio-filtration of runoff by rain gardens (Fig. 2,3)
• Juvenile stress from low nutrient availability and intraspecific competition appears to increase the
sensitivity of Cx. pipiens females to diapause induction cues
• Smaller females entering diapause earlier have fewer nutritional reserves and need to survive for
longer, and at higher temperatures.
• Seasonal timing of diapause induction in Cx. pipiens populations is not only critical for the
overwintering success of vector mosquito populations, but could also have important implications for
public health (cessation of blood feeding/virus transmission)
• Bioinfiltration and “green” storm water practices create low nutrient environments which have the
potential to benefit public health by hastening seasonal diapause induction in vector mosquitos
Figure 6 Image of ovarian 
follicle at 40x magnification.
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Figure 2 A  rain garden overflow (RGO) 
catch basin with low nutrient enrichment
Figure 1 A conventional (C) catch 
basin with high nutrient content
Figure 3 Movement of runoff and organic detritus into conventional (C) and raingarden 
overflow (RGO) catch basins. 
Figure 4 Mosquito 
eclosion containers. 
Figure 5 Eclosion containers 
under field conditions.
Figure 7 Relative aquatic habitat quality: 
(a) Average number of late stage (L4) 
larvae(solid lines) and total NH3 mg 
(broken lines) (b) ratio of L4 larvae : mg 
NH3-N
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• During the critical photoperiod (13-14 hour day length) mosquito 
pupae collected from both conventional (C) and rain garden 
overflow (RGO) catch basins (table 1) and transferred to eclosion 
containers (Fig 4, 5)
• Ammonia nitrogen (NH3-N) concentration measured as proxy for 
food availability (positively correlated with microbial density)
• Newly-eclosed adults kept under field conditions for 7-10 days
• Adult female wing length measured as proxy for adult fitness
• Ovaries dissected to identify females in reproductive diapause (1°
ovarian follicle : germarium length ratio < 1.5 : 1; Fig 6)
• Generalized Linear Models used to evaluate effects of habitat 
type (C, RGO), week of collection, and abundance of late stage 
larvae & NH3-N on wing length and diapause induction
• Females emerging from the poor-quality habitats (low nutrients, high intraspecific competition) were 
significantly smaller
• .
• Lower habitat quality was associated with a reduction in female body size (Fig 8a, Table 2), and a 
greater proportion of females entering reproductive diapause (Fig 8b, Table 3)
• A greater proportion were found to be in reproductive diapause when compared with females from 
high quality habitats. 
• .
• Lower NH3 and similar or lower larval abundance in RGOs, resulted in higher overall stress.
• GLM results; that wing length and diapause induction were both significantly influenced by both 
NH3 and larval abundance
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Table 2. Generalized Linear Model of mean wing length of adult Cx. 
pipiens females
Parameter Estimate SE Wald Chi-square P-value
intercept 4.140 0.233 315.890 <0.001
CB type C 0.302 0.115 6.852 0.009
epiweek 35 -0.095 0.115 0.690 0.406
36 -0.476 0.113 17.613 <0.001
log10 L1-L4 larvae -0.341 0.087 15.399 <0.001
log10 NH3 mg 0.166 0.084 3.852 0.050
Parameter Estimate SE Wald Chi-square P-value
intercept 1.543 0.825 3.499 0.061
epiweek 35 -2.904 0.642 20.451 <0.001
36 0.017 0.542 0.001 0.975
log10 L4 larvae 0.856 0.400 4.579 0.032
log10 NH3 mg -1.139 0.363 9.842 0.002
Table 3. Generalized Linear Model of reproductive diapause status 
in adult Cx. pipiens females
*
*
* = significant difference in proportion of 
females in diapause (Chi-square, p<0.05)
Figure 8 Average female wing length (a), and proportion of females in reproductive 
diapause (b)
CDC 
epiweek
Collection 
date 
Day length 
(civil twilight)
Avg. daily water 
temperature* (°C)
CBs (♀ dissected)
C RGO
35 Sept. 02 14:00 24.0 6 (37) 6 (26)
36 Sept. 09 13:43 23.3 5 (18) 5 (15)
37 Sept. 16 13:21 21.5 5 (21) 3 (26)
Table 1. Pupal collection dates and environmental conditions.
* 5 day average of daily mean water temperature (2 d before to 2 days after collection)
RGO
This study investigates the effect of variability in 
aquatic habitat quality and its influence on diapause 
induction, and whether bio-filtration of runoff by rain 
gardens reduces the quality of catch basin habitats 
for Cx. pipiens development.
• Bioinfiltration of runoff (rain gardens) greatly reduced the 
quantity of NH3-N in catch basins (Fig 7a), resulting in poorer 
aquatic habitat quality (i.e. higher abundance of larvae 
relative to NH3-N; Fig 7b)
• Females from RGOs smaller and expressing a higher rate of 
diapause
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Diagram A. The follicles of diapausing mosquitos contain 
more fat bodies than non-diapausing mosquitos. 
